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#l^^J^^#^^JM^ ' JLSJli&^J&t ^#J#'& ' ^i&#fi£ (company ) 
• i^^r^S&^#'J»f ihi^^^i^Ej^ (impulse response) §^ 



A symbol timing recovery method for DMT-VDSL converts a captured 
sample to frequency-domain. By the peak effect in frequency-domain, 
a company peak is decided. And the location of exactly impulse 
response is confirmed through the peak and its company peak in 
frequency-domain. Then it can correct the position of the sample 
and recover the symbol timing. 



£/ft*ffl* : H ( 5 ) 1 • 
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^^itiMM/^sS- (Very High Data Rate Digital Subscriber 
Line ; VDSL) (Discrete Multi-Tone ; DMT)#&$r > 

H-ftDfJi^^jfilit'ffiL^.ffi^^SS. ( Asymmetric Digital Subscriber 
Line ; ADSL )4s tb • (ADSL : 1. 5-8M/0. 3-2Mbps > VDSL : 

2-26M/2-1 6Mbps) > (ADSL : 4. 8 - VDSL : 1. 5 

2.) ' ^J&^*^til#JfrJSE^fl|#'M?L^ ° *_Lit^##^^T^ , ADSL 

it ' a-? 0 L ffl tit ^sj 3&#^ft^£#t£:fr5M&^ ADSL J9M& ; fln VDSL 
t'ftt: > ^Mtfi^^ilSjIt^rs*, ' #J-X VDSL &.#M£^fl3 ° 

fln mit m f> m.s& ( dmt-vdsl ) ^#^Hf • % &m- 

It ft (encode) JiiS.^tial#iLf|#^ ( inverse fast Fourier 

transform ; IFFT) • (signals) £.##4^ > 

i£&#H*MftHf ^JEj^- (echo) (cross-talk)' #W#*fr*R.«; 

^£Mfc£^#3fr-2~F«^ Aa^T2a*'l±^t«i(cyclic extension ; CE) ; 

' fcfrm- CE -2rBSM& > 5&frftA.**tefe (FFT) 

m ffo «r # fj 4 ^ t ft ; it ^ 5& m. & z% sl j$. j& tt % & & ^ t 

(boundary) • jtteJWF CE ^W-^^yfi]#l'J jt^^ » 
■ f ^n^Bf^ ( time-domain) #!^h^^1^^^^J A3 CE 4^1 

«&J»£fa1ftft##l^#&^&#3£ig (delay) > skifg-M-temffi. 
£M£it#m3fe#j;telHM£. (correlation) - i^i WH±6^«l3feS^tBp^ii 



A #j te, 'It flt (memory) ° 

^— ' (frequency-domain) #*H3Mf #L4t#j#>fe » ^ 

*^»Jffi#iL##^^mife#^^^^ • i^M^tt#iti£^M 
(channel frequency response) > ^jtb1fl!i:##^EJBf «T4|-iiiU& 
^#>!i (channel impulse response) 0 Sf&_L > ^af^^Ml^II^ 
#ji£^ ' ifch ii.it M<M^M^-^—in%^^Jfg ( peak response ) • IS itb » 
WtrttkMn tb$'£ l £ft-3Lzbm&1MSL3. ° fiHf ADSL °ra#ffl-hi& 

&ffij • VDSL ^m^^nmn^ • ^ VDSL #$i|8Hb£& (training 
phase) (odd tone) 19 *M*ffr3i>IB 

VDSL flUfc^^f-S-SL^^^tR. (information) > ^Ltt^ii-iOl^^ii 

&m^fttfj$iilh&m ° jtb^h > Mfr-4SLMi£&%L-&gL (i£R0 CE) Jl# 
^) ' fl^ ° ^^J^_L^*SU| ' 

#.^^#f^Bt^^i^^-^^^ii.itm^f^m • ift^r#fjra^^ 
101°^' atm^^t^$'i^^-ja^-^ijL^^4iff>!i^#!^it^ 

affl^ ADSL tt$L$-&&:ift&&:%&£-mjL VDSL _L > *o&H**'J 
6279022 ***1 ' &*»Wfft«J**^ (pattern) * 

ffir & * SLik X- m to * - & ii ffl ADSL fhft i$ ' & ^( rece i ver ) 
^J-X&#£o#i£*ft (transmitter) ^t^#it^m*#*^^^ ° ' 

^m^JL^M ' ^a^#^tU-^tt^^-^5^i4^iLffi^il. 
sg- ( DMT- VDSL ) #*BMF4fe«.4L2ri£- > afc^te'lfciftfi ffl * > 



^^^-^'tt^^ 1- ^ 1 ffl j'^^^-^i^it^iLffi^3E5g-(DMT-VDSL) 
#r#i£^ffl,Sfe (signal) mfr-&$-mfcft$t (symbol) N > ii 

&)m.3tJ$k@T^M"tgr%val®3lgi&M (impulse response) - J*z 
VDSL^^^I (odd tone) Zl^-$lM (even tone) #^#^l^^tfl 

(information) ' &:^#£>]fPi *b — -fl^a I s ] #j 3c sjit - i% &l #) 5i> ^. 

(power) fs]^A'J> ' JLiE^^^IU^-^^Nsc (N/2)° Xh^r— &5Lfr%, 

' ^#®^^^#.^i4#^^-fgi^iip#mi3(L^ 

CE Lce ° 

^^J**4a^a^B^r a ^3t (Delay)' J_£- t >t^£^**l^_L^ 
mifcZ n&ffiA^iL^ (boundary)' ffn##^FlB ®MfcJk%, 
■$r1t&I ' ffn ^ $Y — m # Is] #J 3c EJiSl'J & S ® #T^4l 

^j^^sjyit ° ^■^m^^^L : s.^ik^tL%mu% • — 

J-X^-^H^ (O—N/2) tkW^-aHW ' tfr^Sfl r H 2A - 2B ® j > * 



(peak) 11 te^Tfr-f £p (O-N/4) Bf . io^jt^# 11 

£*fr (company peak) 12 ( JL% 2A ffl ) ; ^S^^j - 11 ^^^-f- 

£p (N/4—N/2) . £.fa]frWBHM£ LcE^^X-L-#-^#— fSJ#P4^^ 
12 ( jL# 2B ® ) ' a'Jjfc&J* 11 jlUltW^*®* ° *t#fit^ 12 
^5i^(power)tA^fI^^3^^bb^y 11 ° ^.^^^^ 



P(L) = 



L+ L CP -I 

£ AO) 2 ifi + i CP <7^ 

A^-l L+L CP -\-N 

^/z(z) 2 + ^ /z(z) 2 otherwise 

i=L /=0 



h(i)#^#^Mi^^#iL^#^^Bf^^^^ o 



N + L CE -A A-L CE 



0.75N + L CE 



0.25jV - Z C£ 



^ ' (amplitude) 3:1 » t%*X*&1^% 9:1° 

/tfW&Abb^ v ^T^||i*, 0. 1 - 

&*^_tifc > ^JXfi-jt 1 ^^/ 2 (£ + Lo^,^a% 11 #jto30 ' 
H'J^itel.^ = i o -£ «Jt4L#fii.&''£ 12 : • 

[TRUE if P(L,)>P(l 0 )*v 

ofAmvfce ( jLj^ 2A ffl ) 

11 I'J^^^^^gj^ > SLZ-MG (*t ' -LS^^t FLAG^tfJ^W 
5^ - TRUE ^*^JL . FLASE 4UU&#*)» ^^# z ° <Ar ^/ 2 > ^i^i 
A=X ° + ic£ J^#fet£.*|rl2 : 



FLAG = ■ 
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FLAG = 



{FALSE if P(L l )>P{L 0 )*v 
{TRUE otherwise ( ^ 2B 51 ) 



T = 



|X 0 if FLAG is TRUE 

\L 0 + Nsr otherwise 



:fr*J6ffi;^Tfr#L*FJMr CE 6t1f SJL ' *> r ^ 4 11 j ^tf » CE 

4+ -ft CP (cyclic prefix) CS(cyclic suffix) • !'Mi# 



A = - 



[tf-r ifr>N sc 
\N DMT - r otherwise 



' * VDSL#^mtT^l • 

^ 501) (^b^^bs^ 3 SI)' mAkmk^i^mnSL^m^ (Fourier 
transform) W&MM^k • ^ ^ M (channel 

frequency response ) (^J& 502) • it^jtbmM,#^SJB^^jitit^^ 

(channel impulse response)' fl&4ff>] J.^ ffc-ISsM^ 11 
503)' m^^m v % 1 51 j ' (Nsc)° 

tWiL*^^ ' ffi&^&W^l^ (#^ 504)' 30-i&i&&&6{j#I 

fejL^&tifa^ (^-J»50'6)» 

3Mf (*M* 507) ' , n>]&#<^ 501 t#r*f# ' *o#.&i&£— 



$ 2A > 2B m%%,&frWft&'A i £^^ikm : 
1.5 1 & ffl ; A 



11 
12 
13 
14 

Nsc f& ^^^Ei^ 

Lce ia^'l-i^t-a^-R:^. 

N 

CP 
CS 

A 
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f *JMMH*£K • 

1. . -^^^ «-^«3i*t^ffl ^&#^^&4l^3r>£ ' m am - ( 
#&&^*Mfc£##*Aia&te%4+«: (cyclic extension) tfjiflSfe 
(signal) ' ^l*i^^#^Bf^ > t£^#,&^T?'J#^ 

' fln^#^^ (peak) ;■ 

H&i&M (peak response) ; 

&LtiL*-3r& > J8L (power) 4s # ' J-*i^&#3fe^-& 

t^l^^-* ' *t^#P4^^^iLi (Li) : 



ii 



L,=L,-L CE , t N/2>L 0 >N/4 . ^ 

I^=L 0 +L CE #.L 0 <N/4 . 

® , , » 

« N £i*#3fc4L-fc£. • 

X n m&U ^%,SLxfe^% $ E7 J&( impul se response ) ; 
tSP (Lo) #,Js,i££.*ML&& ; R. 



t« FLAG JkTF&Zm^ ' TRUE ^4tt£ > FLASE ftJMSsJMNfc 





>^LS£ if P(X,)>P(L 0 )*v 
TRUE otherwise 
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9. *»t i£B# s&m&^mi&pM-&fts&&tiL'ft/*&ft-&&3$fr 

( 

_f£o if FLAG is TRUE 

\L 0 + N sc otherwise 

[N'-r ■ ift>N/2 

t*S Nnir^j&JIMfc£«#i&4L-Mt « 
12. *ut l£ffl# 11 ^^ifc^j|t^«-^Ait*t>fitffl^3SJ*^ftB$- 

Ndmt=N+CE-^ ; 
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